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Tablel The arterial naneof W illis circle and its geometry and heanodynan ic param eters

Symbol Length Dianeter Resistance Compliance  Conductance

A rterial nane (am) (m)  (dyn*s/an®) (an®/dyn) (dyn* ¢/an®)
A rteria carotis interna c1, .2 25 0.4 1 591. 80 3. 140/ ¢ 209. 38
Basilar artery b 3 0.4 191. 02 0.377/v ¢ 25.13
V ertibral artery V1, V2 20 0.3 2 469. 14 1.413/Av 3 297.78
Posterior communicating artery pct, Pe2 0.12 15 721.45 0. 0234w ¢ 186. 11
Posterior cerebral artery | pi1, p22 0.3 402. 47 0.141/Av ¢ 29.78
A nterior cerebral artery [ ai1, az 0.25 834. 56 0. 0984w ¢ 42. 88
A nterior communicating artery ac 0.5 0.15 1 609. 88 0. 009Av & 29.78
M iddle cerebral artery mi,m2 0.35 760. 35 0.673/4v ¢ 76.57
Posterior cerebral artery 1l p12, p22 0.3 1 408. 64 0. 4954y ¢ 104. 22
A nterior cerebral artery I a1z, az 5 0.25 2 086. 40 0. 245/4n 3 107. 22

Teminal resistance(dyn* s/an®): Rm = 2x 10* Ry = 2.6x 10* Ra = 3.9x 10*
1 L (< 20an)
L (> 250an) ; (e el

1 )!
Poiseuille
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Fig 1 Schematic diagran of theW illis circle
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Fig 2 The electrical equivalent diagran of the henodynamicsmodel of cerebral circulation
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Pi= Ra*Qua+ Rm1*Qm:

P.= Rcl'Qc1+ Rpcl'Qpcl"‘ chl'

Pi= Rau*Qu+ Ran®*Qar+ Lar®

Raiz®* Qaiz= Rac® Qac+ Ra2® Qax
P2= Re*Qce+ Rm2*Qm:

dt
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P2: RCZ.QC2+ Rch'Qpc2+ Lp02+ dt + RpZZ.QpZZ (9)
P2= Re*Qce+ Razn®*Qaz+ La* dt + Ra2®* Qa2 (10)
Ps= Ru*Qu+ Rv*Qb+ Lp1* dt + Rpu®* Qpuu+ Rp1i2® Qpu2 (11)
Ps= R2°Qw+ Ru*Qb+ Lp2 dt + Rpr®* Qpai+ Rp22® Qp2 (12)
Pa=- Ra®*Qu+ P:1 (13)
Pal = RalZ * QalZ (14)
Pa2= Raz*®*Qax (15)
Pe= P2- Re®*Qe (16)
Pv= Ps- va'Qvl (17)
Pv: P4' RVZ.QVZ (18)
Ppi= Rp12®* Qpiz+ Rpu1®* Qpu (19)
Pp2= Rp22°Qp22+ Rp21® Qpat (20)
Qua= Ca"* d(ljjt + Qmi+ Qpa+ Qa (21)
Qal = Cal ° (Fj)t + QalZ + Qac (22)
Qc2 = CcZ ° dgt + Qm2 + Qpc2 + Qa2 (23)
QaZ = Ca"* dgt + QaZZ - Qac (24)
Qu+ Qwu= Qb+ Cvl%*‘ Cvz% (25)
Qb= Qupr+ Qup2 (26)
Qupr= Cp1* d(Fj)t + Qpu (27)
QLpZ = Cp2 d(l;)t + Qp21 (28)
Qpz= Qpa+ Qpu (29)
Qp22= Qpez + Qpz (30)
(4) (30) I 27 ) 20 (ch,QcZ,le,QmZ,Qal,Qa2,Qa12,
Qa22,Qpcl,Qch,Qac,Qvl,QvZ,Qb,QLpl,QLpZ,Qpll,Qle,QplZ,QpZZ) 7 (Pcl, P, Pai,

Pa2, Pv, Ppl, PP2)|
2

(4 (30), 27 , 13
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dx.
= +
4 = AX + B (31)
X = (Pcl, PCZ, Pal, Paz, Pv, Ppl, PpZ,Qal,QaZ,Qpcl,Qch,QLpl,QLpZ)T (32)
B = (b,b,00,bs0000,0,0,0,0)7" (33)
by = _P1 by = _P> b Ps P4, 1
v 1® Ccly 2 RCZ. Cc2, ° va Rv2 Cv
A = [ajlixs
ayo. —Rat Ra 1 _ 1
n= Ccl ° Rcl ° le' ®= Ccl, 1o Ccl’
4y . —RetPRw 1 1
2= CCZ * RCZ ° Rm2' 2= CCZ, A= CCZ’
g . —Rat Re A\ 7K
8= Cal. RalZ. Rac’ = Rac. Ca11 T\A Cal1
s = - _Rac+ Razp b = = .
- CaZ. Rac. Ra22, 8= Rac' Ca21 9= Ca21
AN _Ru+ Rwp Ao = - 1 Qe = - 1.
il Cv ° va ° Rv2, 2= Cv, 3= Cv,
e = - 1 et = Rpio e = 1.
0= p1® (Rpi1 + Rpi2)’ o= p1® (Rpi1 + Rpi2)’ o2 Cpt’
an = - 1 o = Rp2 s = 1.
= p2® (Rpz1 + Rp2)’ e p2® (Rpzt + Rp2)’ s Cp2’
_ Rau _ _ A
ass = - Lo’ asi L a ass = L
oo = - Rax e = dou = - 1.
9 L a2 ! 2= a2 ! . L a2'
1 Ro12
= + a1l = , = - ;
Ao = pcl[ Rpu + Rp12 Rpet Aol L pa Ao L pea (Rp11 + Rp1z)
Rpa® Roz 1 Rp2
= - + 2| , = , = - ;
anu = L pc2l Rp21 + Rp22 RPJ anz L pe2 aun L pz(Rp21 + Rp22)
. R _ 1 _ _ R
aiziz = L p1' aizs = L p1’ aize = L p1' aizi3 = L o1
. Ra B _  Ro
ai313 = L pz' aizss = L p2, a7 = L pz' aize = L o2
(32) X 13 )
Pi- Pg Pz- Po
chz 5 QcZ = (34)
Rcl Rc2
Pa- P, Pa- P,
Qvlz y Qv2 = (35)
va RVZ
Pa- Pa
Qac= Qb= Quprt+ Qup2 (36)

Rac ’
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_ Pa _ Pe
le— le, QmZ— Rmz (37)

_ Pa _ Pa
Qa12= Rai2’ Qaz = R a22 (38)

_ Pa Rpu . _ — Pp  Ppan® Qoo
Qp22= Rpwe + Rpll+ Rpu1 + Rpw2 Qpet, Qe = Rpa1 + Rp22+ Rp22 + Rpa1 (39)
Qpu= Qprz+ Qopc, Qp21= Qp2+ Qo (40)

(31) 1] [ 3
Xi= AXi1* At+ B * At+ X1 (41)
Xo P G=1 .4 Pid [3] ;
) Xo
3
31
. .32, , 16/1Q 7kPa,
3 1 1
( P1, P2, Ps, Pa).
Doppler B )
, 4 5
(41), P1 Pa )
W illis
4 5 ( )- ,
3 1 . e

Fig 3 The pressurewaveform measured by press ¢,  wv= 210cm/s, Cal Ca2 Wv= 30001]/3, Vi V2
sure transducer in the carotid artery of man wv= 220an /31 p1 p2 wv= 300anm /S,

‘L ar= L 2= 300dyn® s/an®,L par= L pee= 250 dyn* &°/an®,L p1= L p2= 350dyn s’/am”

T=1 25(9), At= Q 01T (9).
(31) : (7) : ;
Fourier
|Zcin = Pcin/o cin, qgn = qgcin - (gzin . L
Zvin = Pvin/Q vin, % = (Evin - qg/in ' 1, 2' = 1, ’ k (42)
P cin P (t) n y Q;?cin y Qcin y Qcin

, len(i: 1, 2)

(lgcin ) |Z cin
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Fig 4 The comparison of the flow waveform be-
tween the theoretical solution (solid line)
and the experimental result (dashed line)
measured by the ultrasonic flovmizcer in
the carotid artery

Zvin | %n(i: 1, 2)

32
, 6 . 113 .11
w O »n
[10],
, Fourier
(p1= p2= ps= pa4)
) ) Fourier
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Fig 5 The comparion of the flow waveform be-
tw een the theoretical solution (solid line)
and the experimental result (dashed line)
measured by the ultrasonic flovmeter in
the vertibral artery

Fig 6 Thecomparion of the input impedance be-
tween the theoretical lution and the ex-
perimental result in the canine carotid and
vertibral arteries
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Table 2 Theoretical value of the parameters in the canine cerebral circulation model
Parameter Theoretical value Parameter Theoretical U nit
Re1, Re2 7163.1 Rvi, Rv2 14 814.8 dyn*s/an®
Rai1, Ra21 3338.2 Rp12, Rp22 0.91x 10° dyn* s/am®
Rai2, Raz2 1.51x 10° Rpct, Rpe2 644.0 dyn* s/am*®
Rm1, Rm2 1. 06x 10° Rac 800. 0 dyn*s/an®
Rb 191.0
Ca, Ce2 8.99x 107 © Cat, Ca2 1.29x 10" ° an®/dyn
Cp1,Cp2 3.38x 107 © Cuvi, Cv2 4.05% 10° 5 an®/dyn
LatL a2 410 Lp1,Lp2 250 dyn* 2/an®
L pet, L pe2 320 dyn® &/am®
‘Re= 3% Reci, C2= Q 8x Ca, L a2= 2%
L a1, Rm2= 1 5% Rm1, Ra2= 1 5% Ra1, (
) 1 7
[11]
, 7
7 ! 8
’ ‘Rw= 2
Fig 7 The impedance of the carotid artery in- X Ry1, Cv2= Q 6X Cvi, Cp2= Q 7X Copu,
flenced by the contralteral arterial system ( )

) , 9
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Fig 8 The impedance of the vertibral arteries Fig 9 The impedance of the carotid arteries in-

inflenced by one vertibral arterial sys flenced by one vertibral arterial system

tem
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ON HEM ODY NAM ICMODEL OF CEREBRAL CIRCULATION
—A LW PED PARAM ETERSMODEL OF PUL SATIL E FLOW

D ing Guanghong
(Applied M echanicsD gpariment, Fudan U niversity, Shanghai 200433, China)
L U Chuanzhen
(H uvashan H ogpital, ShanghaiM edical U niversity, Shanghai 200040, China)

Abstract The cerebravascular disease is very related w ith the abnormal henodynam ic state
of cerebral circulation There are some different characteristics betw een the cerebral circula-
tion and the systanic circulation of human In clinical gpplication, it isnecessary to set up a
henodynamicsmodel w hich not only has the principal characteristics of the cerebral circula-
tion but also can be used easily to analyse the cerebravascular dynamics index (CVD 1). A c-
ocording to the steady flow model of W illis circulation, we set up a lumped paranetersmodel
for analysing the cerebral circulation pulstile flow, and get its governed equations asw ell as
its olving method Preliminary results of our experiment show that the theoretical conclu-
sion agreew ith the experiment data It reveals that the present analysis is consistent w ith
the physiological phenomena, and may offer a delicate hanodynam icmodel for cerebral circu-
lation research

Key words cerebral circulation, pulsatile flow, henodynamicsmodel, lumped paraneters



